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In conducting the research described in this report, the Investigators adhered to
humane animal experimental procedures.

The volunteers in these tests were handled in accordance with principles, policies,
and rules analogous to those established in AR 70-25.
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IE FOUR RIOT CONTROL AGENTS (U)

(U) The nced of dispelling riotous mobs wLthout causing casualties

has led to the study of several chemical subs tances which have harassinZ

-or incapacitating properties when inhaled.

(C) 'This report includes data on the inhalation toxicity in labu-

ratory nnimals and the tolerable or incapacitoting dosage in mun of CN,

0i, EA 1778, and EA-1779.

(C) Toxicity determinations were conducted on the mouse, rat, and

Vuinea nig by exposin.; them to the agents for various periods of time.

ranging from 15 to 60 minutes at concentrations from 50 to 4000 ng.Im,

Periodic samples of the chamber atmosphere were analyzed for airborne

concentrations. The toxicity of inhaled riot control agents for labora-

tory animals is suuiarized. in Table 1.

TAtBLE I (C)

Toxicity of Inhaled Riot Control Agents

Expressed Dose x 1000 - mrG.min.m)j

Agent Species LC;50* Lethal Dose

Mouse 30 1
Rat 1.2

i Guinea P48 •.5 3.5•
ZA 1778 Mouse 28

Rat 61 5
Guinea Pla 20 10

"KA 1779 mouse 35 23
Rat 18 6.1
Guines ?is 0.8 6.9

*1,ultiply all vaeups by OQO .. .

(U0 The human expopures were Made in g.$q phases. Ip tIa first
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phase, the subjects wore allowed to breathe the a8ent from a 200 liter

dynamic flow chamber through a face mask so that the eyes, nose, and

mouth were exposed to tha aerosol or vapor. By this technique we at-

tempted to establish a concentration of the agent which would be Intol-

aerble. The second phase of the experiment consisted of total budy ex-

posures of the volunteers in a 20 m? chamber.

(U) in both sets of experiments the same instructions applied:

the volunteers kept on the gas mask, or remained in the chamber, until

the exposure became intolerable. When, in their judgment, the intoler-

able level was reached, they were free, without any prompting from the

; observers, to take off the face mask or to leave the chamber, as the case

may be. If, however, the volunteers ware able to tolerate the agents for

an indefinite period of time, the exposure was terminated at a predeter-
! mined time which wuld not exceed the maximum allowable concentration as

Ssetup for this experiment. Samples of the atmosphere for analysis were

taken during each exposure to determine the actual intolerable level for

•i" "each subject.
!I

(U) Each volunteer had a complete history and physical examination

including a chest X-ray. Any person with a history of any allergy or

pulmonary pathology was not used in the experiment.

(U) After each exposure, the subjects were questioned and re-

examined. In the total exposures in the large chamber the airwey resist-

anee was measured using an A:•chmoueter1. The post-exposures values were

Sompared to control values taken just prior to exposure.

Instrument developed by Dr. J. Clements, USA CWL, Directorate of Medical
Research.
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MUo The eect of individital riot conLroi oL,.unLa iii IIt La Uishown

in Table 2.

TAr LE 2 (C)

Effect of Riot Control Agents on Man
The Results Sunnarixe Both Sets of Observation

Concentration I!I CN iA 1778 EA 1779
Min Max

Mg. /.-n;* Num~ber Deciding the Agent Intolerable Within 30 Sec.

2 10 0/10 0/4 0/9 2/15
it. 20 0/11 0/1 0/14 3/6
21 50 0/4 0/8 9/39 10/10
51 100 0/1 0/24 - 12/10

101 360 - 3/12 -

Nlumber Deciding thto Agent Intolerable Within 120 Sec.

2 10 0/10 0/4 0/9 6/15
11 20 1/11 1/1 7/14 5/6
21 50 0/4 2/8 20/39 10/10

51 100 1/1 3/24 - 12/12
101 360 - 9/12

Persistence of the Incapacitating Signs - Min.
20 to 120 I to 10 1 5 to 20

Time to Incapacitation - Sac.
_0 to 180 25 to 300 10 to 180 6 to 60

NO(C) Sloed on the molucular weight of these compounds 1 ppm is equivalent to
11.3 rilt.4. /I? for DM'I, 6.3 rwng./l. for CN, 9.3 rvig./l. for ZA 1778, and
7.7 ta;i./1. for EA 1779.

(C) DM caused minor symptoms during exposure; the chief one was a

burning sensation in the airway. Upon exposure to fresh air, these symnp-

tons were accentuated and new symptoms, including salivation, severe

cuu~hing and sneezing, became evident, persisting; up to 2 hours. There

-s one severe reaction consisting; of face flushing, trembling, profuse

sweating, severe pain in rho oh,1ot, and uncontrollable coughing. This

lasted 20 to 25 minutes. The subjcct did not recover fully for several

hours. One person constantly developed laryngitis and another had pain in

• . the teeth. Signs of physical examination were negative, only a slight to

noderatc conjunctivitis, lasting 5 to 20 minutes.
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(C) IA 1778 produced a burning nscuzstion in tho n'os w~tIt rhiunrrhq.a,

burnina of the trachea which produced coughing; atd occasLou~tity hurnin;', of

eyes with lacrimation. The coughting somuttiico becn'no intolerabhlue, ca.'-

cially after oral breathina. Lacrimation, oalivatiou, and sweating wore

evident in the total body exposures, and nauwea and vomiting occurred in

two subjects who had oaten larje meals just prior to exposure. Physical

examination revealed only a mild transient conjunctivitis; airway resist-

ance was not significantly changed. The acont is nonporsistent and syup-

tons vere rapidly relieved in fresh air.

(C) ZA 1779 produced burning of the eyes with Iacrimation, Lrrita-

Lion of the nose, throat, and chest, ccuBhinjt, and difficult broatthLng.

The latter symptom was the mest severe. During one exposure at a high

concentration (80 mg./QIn) there was a devastatinU effect pruducing cattal-

SCoties within a few seconds with symptoms of vertigo, nausea, vovtLinI8, Lri-

pcndin3 syncope, and inability to open the eyes; these sym;to;.is usually

persisted about 5 minutes. Signs of profuse swotin, and severe con-

junctivitis persisted up to I hour. Airway resistance was not si•nifi-

cantly altered. One person retained symptoms of anorexia, nausea, and

malaise for over 24 hours.

(C) Safety factors for the riot control agents wore calculated as

follows: epoue SfeyFCO
; MinnL u in L et~hal Ct in the rao s t: sen bitive an i mua ls . Sa fety Factor

Effective COO in man (t - I min or less)

I ~Ono minute exposures wore used in all calculations although some exposures i

wore terminated in 20 geconds. The values are shown in Table 3.
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* TAILE~ (C)

Safety Fectorn for Riot Conrtrolk A cnts

, I. "C L I~tv 6 - J0 •0

A,,,n y
to,

An "n I naa r'iLt F.actnr

.A 177P, l),)O00 7O 50 t210
ZA 1779 f",700 10 - 2n 440

Tho safety factors indicate that EA 1779 c.iuld bc used Wdth grteater

suaety than the other a.unts montioned.

(C) Of the individual aeonts, EA 1779 is tho -ost potcet ad tlm

faIsteat ;.ctin.-. W itiLý-.-I., cffc'ctivu doses. IL1 hoib the widest m,~-,r:jn of

SafeLy, based on the rati,., between the rminir•ul lethal concentroati)n Wi

tia 'i~a tCfl ~ L .1 .1 'clie3 oC atili..al 0.uad Litt! %effctCivO tIJ~qj 191 IW~Ai. I r

hogs the 1 Vit•/c• I tiakL tiho incapacitatin. effectA dioappoar aftor a fu.;

n I nute.i in frcs'. air. Volunteers have wvillin,1y subtritted to rg-e---oeure

at conc._ntratiotis of 8 to 16 n/,.t1?3 (1 to 2 P"'.

"(C) Tests ar,: Ln pr,.rrcs3 to dctetrinc the necessary concotitrati,,n

and Ct of N to produce persistent physioloeical effects. This Ct ap-

puers to bc betwecn 100 to 200 m3.min./i)

MjjoA r -itControl Acntent

(C) Sixteen unl)rotvcted men cri ewposed to an aerosol contoaning,

(j. 5 to 1 ppr. each of EA 1779 and DM. This aerosol, was ittoler.ddlo to all

men within 20 to 55 seconds. They were incapacitated w.4hen e-icrrinG from

the cloud. All recovered in less than 5 minutes. Hone suffered per-

"1 Iesistont or delayed effects. Although reluctant, all were wifling to be

cr-exposed. Ton men carryine prorective masks were placed in the -wind

C A N Ct. L" I --SSIFI
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Ounncl. When the veroso.. ee l Lhhy wurv Oble to don ;nd C.,Lintuc

wearing; the nasks. Five melt corryLi,; prr.cctive ... L. rn In fr,-,li "'ir

until they were breathing heavily. They ran into the EA 1779-Mt ctcronol

wltilu hyj)crvnntilut lug). All vvr,: able t,- do'n tiud cont tnuiiv wrlw. tli,.

mask. Lack of purnsltent sLgns after •p:osure Uo an aerovol c,,ittitti,;

I ppm cach of EA 1779 and MI ts in dtam -roYent with 'ritLsh ,l.'..i. The

willingnoss to bo rc-%xpnsud co effctlive concettrations of EA 1779) also

differs from lritlh findln1.s. The Anarican vuluntteers were uO5SLluCCt...d

maen w1ho were collected frucr various Arty install ,.,onn. They had no

nicectl trainin;; L.i che.iicat wurfarc diacplne.in.

(C) Directorate of 1cdical Research ploas to cntitnuc a study of

,nixttrea of EA 1779 ond Mi. The objective is to obtain an aerosol Which

will have the speed and offectiveness of EA 1779 and Lho pcrsistuncy of

U-1. It io further hoped that EA 1779 mieht act its a nafety valve and

prevcnt ovcrexposire to the more toxic MI. Tils ewould miake an ideal

agent. Indications at this state of development indicate that an aerosol

.r, of I part Ft 1779 and 10 to 15 parts M ni;g-ht be required. There is the

possibility thac the hped for combination to not possible.

(C) if £ ositable mixture is not obtainable tlhen EA 1779 itsod alone

would be the moot affective and fastest acting, riot control or Lncotacitat-

Ing agent availbLa for use against unrotoctod troops. The lIU.itotion of

duration of action could be overcome by continued dispersion. ThLs agent

should be used in low concentration, I to 2 ppi. At this concentration

the cloud is invisLble to the noked eye. It appear& that the effective-

Aoss of this aeent would be neutralized by protectLve Iasks.
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